Summary.-We have purified epithelial cells from human colonic tumours by velocity sedimentation in an isokinetic density gradient of Ficoll in tissue culture medium. In frozen sections of colonic carcinoma, histochemically demonstrable N-acetyl-3-D-glucosaminidase (HDAG) was observed primarily in epithelial cells. We used this enzyme as a histochemical marker of epithelial cells. Initial suspensions of cells from colonic tumours suspended with 0.25% trypsin contained an average of 240o' of the nucleated cells with HDAG. In the purest fraction obtained from gradient centrifugations, an average of 74%0 of the nucleated cells contained HDAG. After centrifugation, the quarter of the density gradient which contained the most rapidly sedimenting cells was purified 2-4 -fold over the initial sample with respect to nucleated cells with HDAG. The amount of carcinoembryonic antigen/106 cells in this zone of the gradient was increased 2.7-fold over that in the initial suspension. Cells in this zone of the gradient also gave rise to colonies in soft agar. Cells from initial suspensions resulted in 15-25% as many colonies of 7 or more cells in cultures inoculated with the same number of nucleated cells. For the most part, cells obtained from the other zones of the gradient did not give rise to colonies in soft agar.
Summary.-We have purified epithelial cells from human colonic tumours by velocity sedimentation in an isokinetic density gradient of Ficoll in tissue culture medium. In frozen sections of colonic carcinoma, histochemically demonstrable N-acetyl-3-D-glucosaminidase (HDAG) was observed primarily in epithelial cells. We used this enzyme as a histochemical marker of epithelial cells. Initial suspensions of cells from colonic tumours suspended with 0.25% trypsin contained an average of 240o' of the nucleated cells with HDAG. In the purest fraction obtained from gradient centrifugations, an average of 74%0 of the nucleated cells contained HDAG. After centrifugation, the quarter of the density gradient which contained the most rapidly sedimenting cells was purified 2-4 -fold over the initial sample with respect to nucleated cells with HDAG. The amount of carcinoembryonic antigen/106 cells in this zone of the gradient was increased 2.7-fold over that in the initial suspension. Cells in this zone of the gradient also gave rise to colonies in soft agar. Cells from initial suspensions resulted in 15-25% as many colonies of 7 or more cells in cultures inoculated with the same number of nucleated cells. For the most part, cells obtained from the other zones of the gradient did not give rise to colonies in soft agar.
COMPARISONS of normal tissues and carcinomas are made difficult by the fact that the tumour cells in carcinomas and their epithelial counterparts in normal tissues often constitute a minority of the total population of cells (Helms et al., 1975; Pretlow, Jones and Pretlow, 1976) . If the cell types of interest are present in a low concentration, important biochemical differences among the various types of cells may be obscured. The comparison of malignant cells with other types of cells would be facilitated by the separation of these cells from the other kinds of cells with which they are associated in tissue .
We have developed a method for the purification of epithelial cells from human colonic carcinomas, by centrifugation in a previously described isokinetic density gradient of Ficoll (polysucrose, average mol. wt. 400,000) in tissue culture medium (Pretlow, 1971 ). The histochemical demonstration of N-acetyl-/3-D-glucosaminidase and culture in soft agar were used to identify purified cells.
was demonstrated histochemically by a slight modification of the diazo-coupling method described by Pugh and Walker (1961) using naphthol-AS-Bi-N-acetyl-f3-Dglucosaminide (Calbiochem, La Jolla, Calif., U.S.A.) as substrate. Frozen sections of colonic tumour (10 ,um) were incubated with the substrate at 37°C for 2-24 h. At this temperature, incubations of 4 h resulted in the greatest contrast between epithelial and non-epithelial components of the sections. green for 10 min. Histochemistry of cell suspensions was performed on cells prepared with the cytocentrifuge (Shandon Southern Instruments, Inc., Sewickley, Pa., U.S.A.); incubations were for 1-2 h at 37°C.
Density gradient and centrifugation.-A two-chambered gradient generator (Lido Glass, Stirling, N.J., U.S.A.) was utilized in the construction of density gradients of Ficoll (Pharmacia Fine Chemicals, Inc., Piscataway, N.J., U.S.A.) in tissue-culture medium, as described previously (Pretlow and Boone, 1969) . Purification of colonic epithelial cells was obtained by velocity sedimentation in the 85-ml isokinetic gradient. The isokinetic gradient, which has been described in detail (Pretlow, 1971) (Pretlow, Weir and Zettergren, 1975) . It was determined by previously described methods (Pretlow, 1971; Several experiments were performed with cells which had been stored at -196°C over liquid N2 for approximately one year after controlled-rate freezing at 1-2°C per min in 7-5% dimethylsulphoxide and 20% foetal calf serum in tissue-culture medium as described for cells from Hodgkin's disease (Pretlow et al., 1973) . Little if any change in viability has been observed for cells from tumours stored in this way (Pretlow et al., 1973; Wodinsky, Meaney and Kensler, 1971) . Cell suspensions were prepared for centrifugation by rapidly thawing the frozen cells at 37°C and diluting the suspension with an equal volume of tissue-culture medium. Sample suspensions prepared in this manner contained 12-6-21-7 x 106 cells in the 7-ml volumes layered over the gradients.
Gradient fractions.-The gradients were collected in 4-ml fractions (except for the first fraction representing the 7-ml initial volume) with a gradient-tapping cap (Halpro, Inc., Rockville, Md., U.S.A.) as described previously (final concentration 0-1%) was added to the cell suspension and the suspensions were sonicated by a Bronwill sonicator at 7000 of the low energy setting for 1 min. Final cell concentrations ranged from 0-1 x 106 cells/ml to 2-4 x 106 cells/ml (Fractions 2-7). The level of enzymatic activity was found to be quite variable from patient to patient; consequently, the time of incubation and the amount of sample assayed wNere varied from 1 to 3 h and 0 1 to 0 3 ml of sample, respectively.
Assay mixtures contained 4 yumol of substrate and 50 ,umol of citrate buffer in a final volume of 1-0 ml (pH 4.5). Controls A-ere lacking either the enzyme sample or the substrate, and the values obtained from both controls were taken into account in the calculations of enzymatic activity. Reactions were terminated by the addition of 2 ml of 0-4 M glycine buffer (pH 10-4). The amount of p-nitrophenol released was calculated from a standard curve of commercial p-nitrophenol (Sigma Chemical Co.) determined spectrophotometrically at 410 nm. One unit of activity is defined as the release of 1 nmol of p-nitrophenol/min. Determination of CEA.-Cell suspensions wN-ere prepared as described above for the spectrophotometric determination except that Triton X-100 was not added to the suspension prior to sonication. A recent study has shown sonication to be an effective means of extracting the CEA present in tissue homogenates (Carrico and Usategui-Gomez, 1975) . CEA w-as determined by the commercially available radioimmunoassay (Roche Diagnostics, Nutley, N.J., U.S.A.) as described previously (Brattain et al., 1975) .
Culture in soft agar. Carcinomas from 3 additional patients were disaggregated and stored at -196°C after controlled-rate freezing as described above, except that sterile procedure was observed after obtaining the specimren. Cells from these stored samples were purified as described above in a sterile isokinetic density gradient and sterile technique was followed for the collection of gradient fractions. Cells (50,000, nucleated) w%ere cultured on plastic Petri dishes in a final volume of 1 ml of 0.27% soft agar containing 4-3 ,ug/ml gentamycin, 90 ,ug/ml streptomycin and 90 u/ml penicillin, on a 1-ml layer of 0-500 soft agar containing the same levels of antibiotics (Macpherson, 1969; Tompkins et al., 1974) . The colonies were counted microscopically after embedding the entire contents of the Petri dish in Epon as described by Zucker-Franklin and Grusky (1974) . Preliminary studies showed that colonies wrere maximally developed after 3-4 weeks. Colonies were counted after one month of culture, and a colony was defined as containing 7 or more cells. Controls for each set of fractions and the sample suspensions were embedded and counted at the time of plating. RESULTS N-acetyl-/3-D-glucosaminidase activity in frozen sections of colonic tumour It was found that the epithelial regions in frozen sections of colonic tumour showed stronger staining for AG than the stroma. Raised AG activity has also been observed by histochemical means in circulating monocytes from patients with malignant solid tumours (Reed and Bennett, 1975) . The staining could be eliminated by adding 100 mm N-acetylglucosamine to the substrate solution after pre-incubation of the sections for 30 min at 37°C in 100 mM N-acetyl-glucosamine. Pre-incubation in buffer alone did not alter the staining of frozen sections. N-acetyl-glucosamine is a competitive inhibitor of the enzyme (Mian et al., 1975) .
Initial suspensions
Disaggregation of the tumour with 0 25% trypsin produced the highest number of cells/g tissue digested (Table I) . Cells obtained by the disaggregation of tissue with collagenase were not stored, because of the low viability observed in these suspensions. When cell suspensions obtained from disaggregation with trypsin were purified after rapid thawing at 37°C, the results were much the same as in experiments involving freshly disaggregated cell suspensions. Cell suspensions obtained by digestion with Pronase formed a gel after storage at -1960C, and thus could not be purified by centrifugation.
Sample suspensions layered over the gradient from freshly disaggregated carcinomas contained 36-3 + 9-2% red blood cells, 15-8 = 3.2% cells with HDAG, and 47.9 ± 302% cells with little or no HDAG.
While the initial suspensions from longterm storage after trypsin disaggregation contained approximately 5000 as many red blood cells as found in fresh suspensions, there was no significant change in the percentage of nucleated cells with HDAG.
TVelocity sedimentation
The frequency distribution of cells with HDAG in the collected fractions is shown in Fig. 1 Units/106 cells in Tumours I-IV I II III IV 11-4 3 9 7-9 9-3 6-0 2-1 4-3 4-3 3-2 1-2 2-4 2-3 2-2 0 7 1-7 2-9 (Fig. 1) , most of which failed to exclude trypan blue.
Fractions 18-23 were also found to contain higher levels of CEA/106 cells than the fractions with less rapidly sedimenting cells (Table IV) . There was about 5 times Biochemical and immunochemical analyses of the gradient zones resulting from velocity sedimentation
The relative levels of AG (U/106 cells) found in the pooled fractions from gradient centrifugation are shown in Table III . The results are similar to those obtained from the histochemical reaction shown in Table II . There is about a 4-fold increase in the activity/106 cells in Fractions 18-23 over that of Fractions 2-7, and about a 2-fold increase over Fractions 13-17.
Some cell suspensions contained high activity/106 cells (e.g. 9.5 U/106 cells, Tumour IV); this was probably due to as much CEA as in Fractions 8-12 and 3 times as much as in Fractions 13-17. Sample suspensions from Tumours I and II contained 0'44 ,tg/ml CEA (142 ng CEA/106 cells) and 11 /tg/ml CEA (500 ng CEA/106 cells), respectively. Fractions 2-7 from Tumour II had 440 ng CEA/106 cells; the same zone from the centrifugation of Tumour I had < 10 ng CEA/106 cells. While the absolute values of CEA varied from 400 to 1350 ng/106 cells in combined Fractions 18-23, the relative values obtained from the zones of any individual tumour remained relatively constant.
C dlt re in soft agar
The ability to form colonies in soft agar is regarded as characteristic of malignant cells (Macpherson and Montagnier, 1964; McAllister and Reed, 1968 Acid phosphatase was used as a histochemical marker for purified cell populations in a similar study of the purification of epithelial cells from prostatic carcinoma (Helms et al., 1976) . In both the present and prostatic studies, it was found that slowly sedimenting cells with the enzymatic marker did not stain as intensely as rapidly sedimenting cells (Fractions 18-23 in the present study). In addition, the slowly sedimenting cells with histochemically demonstrable acid phosphatase did not have the morphological appearance of epithelial cells (Helms et al., 1976) . Although the purity of the cells from colonic tumours in this study (as assessed histochemically) was slightly lower than that obtained in the study of prostatic carcinoma, the enrichment obtained over the initial suspension was slightly higher (Helms et al., 1976) . In part, this lower purity from colonic carcinoma may be due to the relatively low proportion of cells with HDAG in the initial suspensions. An average of 400500 of the nucleated cells from prostatic carcinoma had histochemically demonstrable acid phosphatase (Helms et al., 1976) . Morphometric studies were not performed. Consequently, the percentage of histochemically positive cells in the original tissue is unknown. It should be noted, however, that the percentage of histochemically positive nucleated cells appeared to be generally consistent with the percentage of epithelial cells observed in histological sections of colonic tumour stained with haematoxylin and eosin. The recovery of cells from gradient centrifugation of cells from colonic tumour was comparable to that in the prostatic study. As previously noted, much of the loss of cells was probably due to the wall-effect artifact inherent in all centrifugations carried out in cylindrical tubes (Helms et al., 1976) .
The number of viable cells obtained per gram by the digestion of colonic tumour with 0.25% trypsin was more of the order of the yields from human tonsil (Willson et al., 1975) and splenic Hodgkin's lesions (Pretlow et al., 1973) than that from human prostates (Helms et al., 1975; . It has not yet been possible to study the digestion of the same tumour with different preparations of trypsin from the various suppliers. However, we have observed that digestion of colonic tumours by some preparations of trypsin has consistently produced high yields of cells, while other preparations were consistently less effective. Similarly, we have reported that the sample of trypsin used for the disaggregation of human tonsil has a large effect on the yield of cells/g tissue (Willson et al., 1976) .
Methods for cell separation which are qualitatively different from velocity sedimentation have been reviewed 
